ments into somites (which give rise to skeletal muscle, axial skeleton, and dorsal dermis). Spinal cord progenitors are derived from epiblast cells in the caudal part of the neural plate, which lies adjacent to the anterior primitive streak (Schoenwolf, 1992 
patterning and neuronal differentiation is under the conIn this study, we test whether FGF/presomitic mesotrol of the changing signaling properties of the paraxial derm signaling acts as a general repressor of differentiamesoderm: they are repressed by presomitic mesoderm tion in the caudal region of the embryo and whether RA is the opposing somite-derived signal that drives and promoted by somites. (Figures 2A, 2F , and 2G). Furthermore, fusion construct was introduced into the preneural tube at HH10-10 ϩ and gene expression examined 6-7 hr later. both Irx3 and Pax6 are downregulated by FGF4 in explants of neural tube (HH8-9) (3/3, 3/3), indicating that Ectopic Irx3 expression is found in the EYFP ϩ domain within the preneural tube (3/5 cases), while Irx3 is unaf-FGF signaling can interfere with transcription of these genes even after they have begun to be expressed (Figfected by the expression of a construct containing EYFP alone (n ϭ 11; Figures 2N-2Q ). Together, these findings ures 2H-2K). To test whether blocking the FGF pathway 5L and 5M) . Together, these findings suggest further somite-derived signal(s), or that RA synthesized by somites is not efficiently blocked by these RAR/RXR that VAD neural tube cells are not subject to active FGF signaling and indicate the further requirement for antagonists and low levels of RA are sufficient to eliminate Fgf8. We therefore next assessed Fgf8 expression retinoid signaling in the neural tube for expression of key ventral patterning genes and for neuronal differentiation. in VAD embryos. These animals have stronger and prolonged expression of Fgf8 in the preneural tube (6/6) compared with controls (3 cases) (Figures 5H and 5I) .
FGF Signaling Represses
Retinoic Acid Downregulates Fgf8 These data indicate that retinoid signaling is sufficient in Paraxial Mesoderm to downregulate Fgf8 and necessary in the embryo to Fgf8 is expressed in the presomitic mesoderm as well as control Fgf8 attenuation in the preneural tube.
in the overlying caudal neural plate and in the preneural tube. We therefore next addressed whether RA also controls Fgf8 transcript levels in explants of this mesoEctopic FGF Signaling Is Not Detected throughout the Vitamin A-Deficient Spinal Cord dermal tissue. Caudal presomitic mesoderm from beneath the caudal neural plate at HH8-9 still expresses The perdurance of Fgf8 expression in VAD embryos at preneural tube levels raises the possibility that ectopic Figures 6D-6G) . Together, these findings suggest that during normal development, retinoid signaling, by accelerating Fgf8 decline, helps to position the somite boundary.
FGF Signaling Controls Raldh2 Onset
As RA is synthesized in rostral presomitic mesoderm and acts on less differentiated caudal presomitic mesoderm to downregulate Fgf8, we wondered whether FGF8 might in turn restrain RA synthesis. To address this possibility, we assessed whether FGF8 represses onset of Raldh2 expression in explants of HH8-9 caudal presomitic mesoderm. These explants come to express Raldh2 within 24 hr (14/16), but this gene is only detected in 2/14 contralateral explants cultured in the presence of FGF8 (Figures 6H and 6I) . A similar repression of Raldh2 is observed when FGF8-soaked beads are placed in contact with the paraxial mesoderm (10 hr) in HH9-10 embryos (8/8), while control PBS-only beads have no effect (5 cases) (Figures 6J-6L ). These findings indicate that FGF signaling regulates the onset of RA synthesis in the paraxial mesoderm.
Discussion
The progressive generation of the body axis requires the preservation of a caudal stem zone and the coordinated differentiation of newly generated tissues. We demonstrate that this is achieved by the opposing actions of caudal FGF signaling and more rostrally located retinoid signaling provided by the somitic mesoderm. We show that strikingly, these two pathways control not only the onset of neuronal differentiation and the establishment of the ventral patterning system in newly generated spinal cord, but also collude to determine mesoderm differentiation and somite size. Retinoid signaling not only counteracts FGF signaling but is required for multiple steps during neurogenesis and ventral neural patterning. Below, we discuss the distinct actions of these pathtrunk paraxial mesoderm (TPM) and presomitic mesoderm (PSM) in control (blue) and VAD (pink) quails. The most recently formed VAD somites are smaller than those in controls (p ϭ 7 ϫ 10 Ϫ5 ) (D), and the VAD presomitic mesoderm is longer than controls (p ϭ 7 ϫ 10 Ϫ3 ) (E). Error bars represent the standard deviation of the mean. Chiang, C., Litingtung, Y., Lee, E., Young, K.E., Corden, J.L., West
Paraxial Mesoderm (H and I) FGF8 inhibits Raldh2 onset in the CPM. Raldh2 expression (A) Origin of explants used in (B), (C), (H), and (I) in an HH8 embryo. in CPM explants without (H) or with FGF8 (I). (B and C) Caudal paraxial mesoderm (CPM) explants maintain Fgf8 (J-L) Raldh2 onset is unaffected by PBS beads (K) but is inhibited after 8 hr culture (B) and downregulate Fgf8 in the presence of the by FGF8-presenting beads (L) placed under the CNP in contact of RAR agonist TTNPB (C). the CPM (J). (D and E)

